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Abstract. Wikipedia can be considered as an ex-
treme form of a self-managing team, as a means of
labour division. One could expect that this bottom-up
approach, with the absense of top-down organisational
control, would lead to a chaos, but our analysis shows
that this is not the case. In the Dutch Wikipedia, an in-
tegrated and coherent data structure is created, while at
the same time users succeed in distributing roles by self-
selection. Some users focus on an area of expertise, while
others edit over the whole encyclopedic range. This con-
stitutes our conclusion that Wikipedia, in general, is a
successful example of a self-managing team.
1 Work organisation
For decades, the division of labour has been an essential
concept for people wishing to collaborate in an organ-
isation. This has already been noted by Plato (approx.
390 BC): “And if so, we must infer that all things are
produced more plentifully and easily and of a better
quality when one man does one thing which is natural
to him and does it at the right time, and leaves other
things.” Smith (1776) attributes great value to the divi-
sion of labour too: “The greatest improvements in the
productive powers of labour, and the greater part of
the skill, dexterity, and judgment, with which it is any-
where directed, or applied, seem to have been the ef-
fects of the division of labour.” Obviously, this calls for
collaboration. However, according to Mintzberg (1999),
there is a catch: the division of labour also requires a co-
ordination of labour. The traditional way to coordinate
was by means of a superior, who had either to simply
divide labour and to monitor it, or to manage a team
of people. In the literature from the past decennia, an
alternative to this tradition has arisen: self-managing
teams. The Wikipedia community can perhaps be seen
as an ultimate kind of self-management.
Self-managing teams are also called autonomous
task groups, self-managing groups, or empowered
groups. They are subgroups of an organisation, and
have been given a high level of autonomy to perform
a full range of tasks. They are expected to “improve
the competence of an organization to deal with chang-
ing environmental demands” (Balkema and Molleman,
1999). Daft (1998) gives a more extended description
of their expected use. The main improvements are in
speed and efficiency, resulting in a better customer sat-
isfaction. In Wikipedia, new developments are added
uncomparably fast when related to other encyclope-
dias. To a reader, this gives Wikipedia an advantage
over the other encyclopedias. Daft also mentions more
communication and cooperation between divisions, in-
crease in enthousiasm of employees –which is crucial
for a project in which the participants work on a vol-
untary base, like in Wikipedia–, and a decrease of man-
agerial overhead. Daft has two objections when con-
sidering self-managing teams. The first one is the need
for radical changes in the organisation’s structure when
making the transition to self-managing teams. How-
ever, Wikipedia never worked in a ‘traditional way’,
so a transition is not an issue. A second objection is
the notion that the abilities of managers and employ-
ees to work in these kinds of situations are crucial.
Not all managers and employees might be capable to
cope with it. However, Wikipedia hardly has any man-
agers, and the employees are subject to a self-selecting
mechanism: people that cannot work in ‘the wiki way’
will drop out by themselves sooner or later, or will
maybe not even join. Therefore, we might expect the
Wikipedia ‘employees’ to be well able to work in a self-
managing team.
2 Organised content
One might expect that an ‘unorganised team’, like the
Wikipedia community, will produce output that is in-
coherent and that the work of some will not fit to the
work of others. To test this hypothesis for Wikipedia,
we have studied the article collection of the Dutch
Wikipedia. We can consider this collection to be a net-
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work, in which the articles are nodes and the links be-
tween articles are the vertices between them. This al-
lows us to compare the Wikipedia article network to
other types of networks.
Degrees
The links in the network of Wikipedia articles are di-
rected. When there is a link from A to B, that does
not necessarily mean there is a link from B to A. For
each article we can calculate the the number of ingo-
ing links (indegree) and the number of outgoing links
(outdegree). The sum of the indegree and outdegree is
the degree, a measurement for the connectedness of a
network node. For the nodes in the Dutch Wikipedia,
in June 2005, the average degree was 20.3. We see that
there are many articles with a low degree and few with
a high degree. The distribution of degrees follows a
power law, which is confirmed by Zlatic´ et al. (2006).
Authority nodes are articles with an exceptionally
high degree. We can identify several types of author-
ity nodes. When we create a list of the most referred-to
and the most referring articles1, we can see a pattern:
articles that refer to many other articles are mostly lists
(27 times in the top 50), A to Z pages (7 times), years
or months (7 times), or other overview articles, such
as Phenomenology of religion2 (which is a small introduc-
tion text and a list of links) and National anthem (which
at the time included links to the national anthems of
all countries). On the other hand, articles that are re-
ferred to frequently are time units (years and centuries,
10 times in the top-50), geographical entities (countries,
cities, continents: 13 times), and items that have links
in templates (such as biological kingdom and class, or zip
code and e-mail address: 22 times). Some of the few ex-
ceptions in the top-50 are Second World War and Sport.
Using the degree, we can divide the nodes, the
Wikipedia articles, into four categories, as indicated in
table 1.
1. All-round authorities are articles with both a high
indegree and a high outdegree. They get referred
to frequently, and on their turn, also refer readers
to other articles.
2. Guru authorities are articles with a low outdegree
and a high indegree. They will probably pro-
vide valuable content, as so many articles link to
them. Examples are visual arts, universe and biolog-
ical virus. They describe well-known concepts, but
1For all experiments, we only consider the main names-
pace. This means that links to and links from talk pages, spe-
cial pages, and other administrative pages have not been taken
into account
2We have translated article names into English.
Figure 1: The output of four runs of sampling the clus-
tering index.
do not refer to many other articles. Also, they are
the articles that get referred to frequently in tem-
plates.
3. Referring authorities are articles with a high outde-
gree and a low indegree. These articles are not re-
ferred to frequently, but they contain many links to
other articles. They might provide a good starting
point for readers who look for more specialistic in-
formation on a topic.
4. Regular nodes are articles with a low indegree and a
low outdegree. They constitute the large collection
of (semi-)specialised articles.
Clustering and small-worldliness
An interesting network feature is the clustering index.
We found that the network of the Dutch Wikipedia
is too big to calculate the complete clustering index.
Therefore, we have taken samples by calculating the
clustering index of a randomly selected node. After
50.000 nodes, the average clustering index seems to sta-
bilise. The output of four runs is displayed in figure 1.
From this data, we conclude that the clustering index
of the Dutch Wikipedia is 0.23, indicating a fair amount
of clustering. This indicates the presence of expertise
fields in the Wikipedia content network.
A high clustering index is one of the two charac-
teristics of small-world networks. (Watts and Strogatz,
1998). The other feature is the average shortest path
between two random notes. When we have calculated
this, and thereby concluded that the Wikipedia net-
work is a small-world network, this would bring in-
2
high indegree low indegree
high outdegree all-round authority referring authority
low outdegree guru authority regular node
Table 1: Terminology for distinguishing articles, based on indegrees and outdegrees.
high indegree low indegree
high outdegree 5,442 articles 3,834 articles
low outdegree 3,800 articles 79,837 articles
Table 2: Classification of Wikipedia articles in low indegree or high indegree, and low outdegree or high outde-
gree. A degree is considered high when it is higher than 90% of the degrees.
teresting conclusions. A small-world network has sev-
eral benefits, as discussed by Kleinberg (2000). For
Wikipedia, we see benefits in short navigation paths,
offering browsing as an alternative to searching to
users.
Scale-freeness
Scale-free networks are networks with a power-law de-
gree distribution (Baraba´si and Albert, 1999; Newman,
2003), which means that the number of nodes having
n links decreases exponentionally, starting from n = 1.
In a formula, this is denoted by P(vn) ∝ n
−α, where
P is the probability of a vertex v having a degree of
n. This type of network is characterised by a small
number of highly connected nodes (thus having a high
degree), whereas most nodes have a low degree. The
high-degree nodes act as connection points between the
different nodes of the network. The exponent of the
network, α, can be seen as a measurement for the scale-
freeness of a network. Most scale-free networks have
an α between two and three. Networks that conform
to this α are amongst others citation networks, the In-
ternet, and the World Wide Web Newman (2003, page
10).
Baraba´si and Albert (1999) explain the phenomenon
of scale-freeness by two generic mechanisms: (1) the
network typically expands by the addition of new ver-
tices, and (2) new vertices tend to connect to high-
degree vertices. For Wikipedia, these mechanisms
apply, since the addition of new articles shows a
steady growth3, and new articles generally link to well-
connected vertices such as countries and years.
A plot with logaritmic scales of the degrees of all the
vertices in the network is displayed in figure 2. In the
figure, we can see that the number of nodes having n
links decreases exponentially. The function that can be
3http://en.wikipedia.org/wiki/Wikipedia:\Modelling_Wikipedia’s_growth
10
0
10
1
10
2
10
3
10
0
10
1
10
2
10
3
10
4
10
5
degree
Degree distribution on logaritmic axes
Figure 2: Logaritmic plot of the degrees of all the ver-
tices of the Dutch Wikipedia. The plot fits the function
y = 2.1 · 105e−1.24x.
fitted to this distribution is 2.1 · 105e−1.24x. This means
the scale-free-network exponent is of value 1.24. Com-
pared to the other networks mentioned by Newman
(2003, page 10), we can see that Wikipedia has the low-
est scale-free exponent of all the networks. This means
that Wikipedia has the characteristics of scale-freeness,
but in a less radical way then the other networks.
3 Organised work division
In the real world, authors develop an expertise. They
study a specific area of knowledge and during the pro-
cess they are seen more and more as an authority in this
field by others. Also in Wikipedia, many users restrict
themselves to a certain area of expertise. Therefore, we
will study to see how the expertise of authors maps
onto Wikipedia domains. We will do this by identify-
ing certain expertise fields in the Wikipedia knowledge
collections, an consequently see if author’s contribu-
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tions are evenly scattered among these fields, or if they
rather cluster in fields of expertise.
Wikipedia articles are tagged by categories that indi-
cate the nature of the subject. An extensive analysis of
Wikipedia classes can be found in work by Voss (2006).
We have manually selected fourty categories as a broad
mixture of categories that can be found in Wikipedia.
The subjects range from science and social/historical
topics to culture and sports. Some categories are gen-
eral (e.g., physics), while others are more specialised
(e.g., Spanish chess player). Some categories refer to
the Dutch-speaking area (e.g., Belgian political party),
while others are about more ‘exotic’ regions (e.g., Mex-
ico).
The fourty categories are grouped into five classes,
namely science, social/historical, culture, geography,
and sports.
Expertises in categories
In order to quantify the differences between the cate-
gories, we have taken two statistical measurements: (1)
the number of edits and the number of unique authors,
resulting in the average edits per author (ea), and (2)
a Pareto analysis. The formula for ea is (adapted from
McClave et al. (1998)):
ea =
n∑
i=1
eai
n
As described by amongst others McClave et al. (1998,
p. 31) and Reed (2003), Pareto-analysis checks for
the so-called Pareto-principle: a power-law distribu-
tion where the larger part of the consequences is gen-
erated by a small part of the causes. This is also called
“the vital few, and the trivial many”, or in more popu-
lar terms, the eighty-twenty rule. The Italian economist
Vilfredo Pareto (1843-1923) discovered this rule when
he found that approximately 80 per cent of the wealth
of a country lies with approximately 20 per cent of the
population. According to McClave et al. (1998, p. 31), V.
E. Kane found similar patterns for other (economic) ar-
eas, such as 80 per cent of sales being attributable to 20
per cent of the customers, or 80 per cent of the customer
complaints referring to 20 per cent of the components.
The Pareto distribution is comparable to other power
laws, such as Zipf distributions (Newman, 2000; Reed,
2001). To perform a Pareto analysis, we will gather the
relative number of edits (consequences) resulting from
the top 20% of the editors (causes).
The number of edits per category range from 370
edits (Belgian political party), to 15,396 edits (mathe-
matics). The number of different authors ranges from
13 (Spanish chess player) to 280 (physics). As a re-
sult, ea lies between 5.8 (Belgian political party) and
382.8 (Spanish chess player). In the latter case, 4977 ed-
its have been made, by only those 13 authors we just
mentioned. In general, we can say the articles with a
high ea are the more specialistic articles, with topics
most people will not be able to tell much about. Except
for the two mentioned topics, this also includes chess
player (272.1), translator (256.3), Russian political party
(214.0), and peace treaty (147.0). The articles with a low
ea deal with topic areas that most people have at least
some expertise in, or topic areas that everyone claims
to know about. This includes amongst others investing
(7.5), cartography (10.3), cult movie (10.6), and philoso-
phy (11.3). Cartography seems to be the only exception
to the pattern described. The average ea is 92.5
When we look for a Pareto-principle, we find that
on average the top-20 authors account for 67% of the
edits. Low scores are for chess player (21.3), Span-
ish chess player (42.7), and French chess player (46.2).
Highest scorers are physics (82.7), literature (78.3), and
politics (77.5). Based on this data, one could claim that
the chess categories are therefore not really specialistic,
since there is no ‘elite’ that accounts for most of the ed-
its. However, when we look at the contribution of the
top author, the top-1, we see that at least the Spanish
chess players have one major contributor, who did 29%
of all edits in that category. Hence, we might argue that
the number of edits per author in this category declines
even more exponential than in a Pareto curve. The ex-
pertise lies with less than 20% of the editors in the cat-
egory. Other categories that have gurus, users that ac-
count for a high percentage of the edits, are philosophy
(29.6%) and Russian political party (38.1%). On aver-
age, the most active user per category is responsible for
17.4% of the edits.
Expertises of authors
In the previous section, we started our analysis from
the viewpoint of the category, and studied the distribu-
tion of edits over the authors. In this section, we will
start from the author’s point of view, and study his dis-
tribution of edits over the categories. We took the same
40 categories as described in the previous section, and
took into account any user that has made at least one
edit in any of the categories.
First, we studied in how many categories users typi-
cally are active. Our definition of ‘active’ is very weak:
we count a user as being active in a category when the
users has made at least one edit in that category. The
most users, 444 out of 856, are active in only one cate-
gory. Only one user seems to be active in all categories,
but this is the user who has user id 0 in the database.
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for users.
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Figure 4: Histogram of the relative maximum contribu-
tions.
This is the cumultative of all anonymous users. Still,
there are two users active in all-but-one category. The
total histogram of the number of active category per
user follows a power law, as is displayed in figure 3.
When we consider expertise, we might take a look
at the category that authors make their most edits in.
We have calculated the contribution of each author in
its most active category, relative to the author’s total
contributions in all the used categories. Of course, all
the authors that have made only one edit, now score
a 100% maximum percentage. Overall, the maximum
percentages are distributed as in figure 4. There is no
clear pattern, although less authors seem to have a high
maximum percentage, apart from the one-edit authors.
Another measurement for the distribution of an au-
thor’s edits over categories is entropy, an application
of the concept of information entropy as invented by
Shannon (1951). For each author, we have calcultated
the number of edits in a certain category relative to the
total number of edits of that author (pa,c). We calcu-
Figure 5: Histogram of the author entropies.
lated the entropy of an author (Ha) as follows:
Ha =
∑
c
pa,clog2(pa,c)
In this way, we end up with a list of the author
entropies of all 856 authors from the sample, ranging
from 0.00005 to 5.0075. The entropy of the collective of
anonymous users equals the maximum of 5.0075. The
average entropy is 0.0182. A histogram of all entropies
is displayed in figure 5. In this figure, we see that most
of the users have a low entropy, but there also exist
users with higher entropies. This confirms our belief
that there are two types of users: those who edit in a
certain field of expertise, and those who edit througout
the whole Wikipedia. The users in the last category will
mostly be the users with much general knowledge or
the users who perform administrator tasks.
4 Conclusions and discussion
In this paper, we have studied Wikipedia as a self-
managing team. It lacks top-down control, which could
lead to chaotic output and bad coordination. Our anal-
ysis of the Dutch Wikipedia shows that this is not
the case. The network of Wikipedia articles shows
clustering, scale-freeness, and perhaps even small-
worldliness. Articles with a high number of ingoing
or outgoing links are crucial in this network.
When studying the distribution of edits over the au-
thors, we can distinguish categories of articles that are
more or less specialistic. We can also make the same
distinction on authors by using the entropy of the dis-
tribution of their edits over the categories. We find that
some authors only edit in typical specialistic categories,
while other authors edit over the whole range of arti-
cles. The latter are presumably people with more gen-
eral knowledge or administrators who check for van-
dalism and obvious errors.
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The data in this paper provides in interesting start-
ing point for more research on article types and author
types, and especially the mapping between the two.
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